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Abstract 
This electron impact ion source has been fabricated using the MEMS technology. The chosen process is fully 
compatible with the reflectron’s fabrication so that the ion source could be integrated into a micro-Time-Of-Flight 
mass spectrometer used for gas analysis. The fabrication process and its performances are reported. The current 
generated could be as high as tens of nano-amps, one of the highest reported for an integrated source in a micro mass 
spectrometer. It presents a raw ionization efficiency of 2,5.10-3. 
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1. Introduction  
Mass spectrometry associated with gas chromatography column is the current measurement scheme for 
analyzing complex gas mixtures, Fig.1. Its main applications are industrial fabrication while monitoring 
chemical concentrations, atmospheric pollution, and homeland security detection of hazardous materials. 
However, mass spectrometers are heavy and expensive laboratory equipments. A portable mass-
spectrometer (low weight, low cost) for gas analysis is mandatory to enable in-situ measurements. The 
MEMS technology offers many advantages to reduce devices dimensions and cost. This has been used 
sucessfully by the semiconductor industry to design and produce tiny components, such as accelerometers 
and microphones, used for instance in mobile devices. Some laboratories are interested in developping a 
MEMS mass spectrometer. Several different analysis principles have been tested such as quadrupoles 
filters, ion trap analyzer, time-of-flight (TOF), Wien filters. 
Our project’s main objective is to analyze complex gas mixtures. To enhance the global mass 
spectrometer resolution, the chemical compounds will be first separated by a micro column resulting in 
several pulses at the output. The duration of these pulses will be in the order of hundreds of milliseconds. 
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Several mass spectra’s acquisition is performed during this short time. The TOF mass spectrometers are 
known to work perfectly while connected to a chromatography column; it is due to the very short time 
needed to obtain a mass spectrum.            
TOF mass spectrometers could be easily designed and fabricated in their ‘basic’ architecture [1]. 
Nevertheless, this kind of device doesn’t have sufficient performances for our application. In the case of a 
TOF mass spectrometer, small dimensions imply low resolution accuracy. Adding specific elements to the 
TOF mass spectrometer, such as an orthogonal ions injector and a reflectron, reduces drastically the 
dispersions and that increases the resolution of the device. The challenge is to integrate these functions 
and the TOF mass spectrometer into a single chip using the same fabrication process. 
  
 
 
 
 
 
 
 
Fig. 1. Global architecture of a typical gas analysis system 
 
2. Ionizer design  
The ionizer plays also a great role in a mass spectrometer as the sensitivity mainly relies on it. Electron 
impact ionization is the most efficient way to produce ions in a micro structure. Various kinds of electrons 
sources have been used in MEMS mass spectrometer devices: electrons emitted by carbon nanotubes, 
electrons extracted from argon plasma or those thermo emitted by a hot filament. In the last case, the 
filament could be integrated into an ionizer however it implies a poor efficiency and it is not reliable due 
to the very short filament’s lifetime. The ion source developed uses an external filament which can be 
easily replaced. The ionizer, shown on Fig.2, consists of an electrons attracting grid, polarized at 70V, a 
repeller electrode, a set of electrodes designed to extract and focalize the ions and a capillary tube to inject 
the gas. The grid contains 625 square holes etched in silicon whose outer dimensions are 5 mm × 5 mm 
leading to a transparency factor of  60%.      
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Ionizer architecture  
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3. Fabrication Process 
The mass spectrometer is fabricated using micro technology techniques. All elements, including the 
source and the analyzer, are collectively and simultaneously structured. It starts with a 600 μm Deep 
Reactive Ion Etching (DRIE) step, Fig. 3 (a) that defines the channel in which the ions travel. It is 
followed by patterning the metallic and resistive layers on a glass substrate. The silicon wafer is then 
bonded to it and a second 100 μm DRIE step is performed. Thus, it defines the mass spectrometer’s 
outlines. Finally, it is followed by a conformal deposition of a metal layer around the spectrometer tube 
which is etched to create upper polarization electrodes. As a result, the micro mass spectrometer is a 1.5 
cm × 3 cm chip, Fig 3 (b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   (a)     (b) 
Fig. 3. (a) Fabrication process; (b) Micro fabricated device   
4. Measurement Setup and Device Test 
In order to measure ionizer currents at the focalization output, we used a Keithley 6487 picoammeter. 
The ionizer chip, Fig. 4, is placed under a hot filament in a vacuum chamber (10-3mbar). Helium gas is 
injected at a regulated flow rate up to 1.5 ml.min-1. The polarization is shown on Fig. 4(a). The total 
incident electron current on the ionizer’s surface is 20 μA. The highest ion current recorded reaches 50 
nA, Fig. 4(b), leading to an ionization’s efficiency of 2,5.10-3. These experimental conditions are different 
from other projects, making comparisons uneasy. If we take into consideration the raw current, this 
ionizer generates higher currents than those generated by integrated carbon nanotubes ionizer [2]. If it is 
compared to an ionizer using a microwave plasma electron source, the currents obtained are smaller than 
currents reported in [3], mainly due to its ‘high’ pressure (100 Pa) operation. Finally, it reports higher 
currents comparing to those obtained in the integrated version of the plasma argon source [4].  
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Fig. 4. (a) The ionizer mounted on a FR4 board for measurements; (b) Highest current recorded while Vextrac. is manually controlled 
 
5. Conclusion and perspectives 
We have demonstrated the feasability of a micro ionizer integrated into a mass spectrometer fabricated 
by a MEMS process. This ionizer produces ionic currents in the order of hundreds of pA up to several nA 
with a highest measured current of 50 nA. These ions will be injected in the mass spectrometer’s analyzer 
to obtain a mass spectrum. As the current at the ionizer’s output mainly relies on the electronic current 
injected through the grid, further work will consist in optimizing the external electrons source by adding 
electrons lenses, and will reduce the heat produced by the filament. 
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